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soope will, during the continuance of a storm, 
‘hanges from positive to negative. (157) 

An instrument for investigating the cleotric state | 
‘was constrocted by M. Colladon, of Geneva, on the: 
‘He found that if the two ends of the wire of 
sisting of very numerous coils woll insulated from each | 
bronght in contact, ono with a body positively, and the 
body negatively charged, a current of Electricity passes 
wire wotil equilibrium is restored, the energy and 7 
‘current is indicated by the deviation of the needle from the: 
of the scale, ‘This instrument is applied to the purpose of 3 
‘aed measuring tho atmospheric Electrici e 
‘of tho wire with the earth, and allowing the other to 
es ee 













(165) The principal source of atmospheric Electricity is 
evaporation, If a little water be placed in the eup of the 
ectrovoope, Fig 9, aud a red-hot cinder dropped in, 
evaporation will occasion the leaves to diverge with tie 
tricity; and although M, Pouillet has rendered it p 
‘evaporation of perfectly pure water is not attended with 
snont of Electricity, the impreguation of all the water on 
the earth with various saline matters is quito sufficient to oe 
objection which might be raised on that score ; the posit 
is carried with tho vapour into the air, and probably eo 
charge to tho minute drops into which it is condensed, 
‘It is stated, in some work on Electricity, that if a ’ 
acid be mixed with the water in the metallic cup, the 
cocasioned by dropping in a hot cinder will cause the 
with poritivo Kloctricity, the vapour being negatively 
not, however, find this to be the ease; for when a 
sulphuric acid were mixed with distilled water in a mn 
and mpid evaporation effected, the divergence of tho gold 
‘still » _ 


(186) ‘The appearance of the heavens previous to 






woll definod, Many of these clouds often svomi piled 
other, all arched in the same manner; but they keop 


© Lardner's Manual of Electricity, Ke. 





Iwoomen ragged, und its tattors 
Jong arms are extended toward the ground. ea 
and the whole mass sinks ‘Wind rises 
in squalls, Small clouds move swiftly in” 
Lightning darts from cloud to cloud. A spark is so 
covexintont through a vast horizontal extent of a zig-za 
Aifforont brillinney in different parts, Lightning strike 
‘dloude and the onrth, frequontly in two places at o 
fall,—the cloud is dissipated, or it rises high and b 
Hilo, ‘Phono cloctrioal discharges obviously dissipate 
the alow! condenses into water, and occasions the sud 
‘fain which always torminatos a thonder-storm, The p 
‘of tho clouds, whieh act like electrometers, indicate the 
of different paris of the atmoaphere.” 
180) A gront difforonoo will be observed in the 
of lightning during a thunderstorm. The 
‘rondorod awfully magnificent by their brilliancy, frequency, 
darting somotinos, on broad and well-defined Hines, from. 
thoy then b 





Jango cart-lond of stones; sometimes like the firing 
tousketry: in these cases it usually follows the lightning 
4s noar at hand : when more distant it rumbles and 1 









































ELECTRICITY. 
square feet of coating) over these, from the eommenc 
termination at B, so as to destroy the gold he ae 
discharge has taken will bo thus shown by the b 

the xesult will be as in Fig. 75, which is copied f 
‘effects of the electrical discharge, Mr. Harris having, inn very 












the portions of the mast below the striking parts aro out of the! 
Aiveharge, and not involved in the result, 

(187) In Fig. 75 it is particularly worthy of remark, that ne 
fare the piccos 6, 6, 14, 15, 18, 19, 22, 29, untouched, b 
thoir positions of no use in facilitating the progress of tho 
‘but even portions of other pieces which have so operated ; 
perfect, as in 2, 8, 8, 9, 10, &e. ; so little is there any tendeney 
Interal discharge even up to the point of dispersion of the 
circuit in which the charge hae proceeded: indeed, as Mr. 
obscrves, so completely is the effect confined to the Tine of fa 
resistance, that percussion powder may be placed with impunity ia 
intorval between the portions 4, 5, and ho contends that the cop 
pleces of gold leaf thus placed may be taken to represent 
conducting masses fortuitously placed along the mast and In 
ship, and thnt therefore Mz. Stuzgeon’s assertion that a conductor on 
ship's mast would operate on the magazine is quito w 
‘Mr, Harris then proceeds to state a few eases of damage to ¢ 
of the navy, where metallic bodies happened to be so disp 
the rigging and bull as to approximate to that perfect state ol 
against the expansive force of the electrical discharge in which 
would become placed by perfecting the conducting power of the m 
and uniting them into one general continuous system with the met 
masses in the hull and with tho soa, and from all these | 
is shown that though a shock of lightning may divide in the 
any good conducting course, and branch out into a varloty 
courses, no damage occurs from a shock out of its direct path. 
(488) Mr. Harris describes the following experiment, 
considers an important one, as hearing on the theory of 
ductors, and which he made at Plymouth before the Navy B 
model of a mast about ten fect in length, was made in 
‘tn interrupted line of metal placed in the heart of it, 
powder was placed between these interruptions, and on 
of the model a continuous conductor was fixed, having at 
‘a metallic connection with the interior line of metal. ‘Lo : 
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the discharges take placd deliberately, and at intervals: whenover, bo 
the evolution of Electricity from natural causes, the accumulation cama 
break through the insulating interval ; and to imitate thie faithfully tammy 
tho electrical machine, and obtain effects corresponding with cases wef 
buildings or rods struck by lightning, the author should have place—=4, 
euch rods, in tho interval, immediately betweon a similarly changed 
system, which should be gradually and cautiously brought up to + li&e 

point of discharging by a slow turning of the machine. Thus, in 


Fig. 86, the Interal dischargo, Fre. 86. 
to bo examined, should havo 5 

boon by menns of conductors at 
pluced in the interval c, between = 
the hemispherical coatings of the 


system N, c, P, and not outside 

of the system, as at W and S, 

Tt is only the interval at o which x 
ean be taken to represent the z 

condition of a thnnder-storm, 

‘and this only partially, so long as we turn the machine at random, 

(204) The longth, or striking distance of the spark from the mashine 
ig a very casual matter, and greatly depends on the arrangement of Sh? 
conductors, Tf it be taken between very largo balls or flat surluceS> 
the length will be reduced to that of a jar discharging ; and if a jar D& 
Gigcharged over a card covered with vermilion between the ports 
of the universal discharger at 1} inch apart, then a Black Zine of © 
aig-zag form will be left, and so it is between small discharging ball=> 
‘only the eye cannot catch tho form, 

(205) If sparks be taken from a machine between two equally lars? 
tals bearing « good proportion to the quantity of Hlectricity, or foxe® 
‘or intensity of the conductor as expressed by the electrometer ox* 9 
given surface, they will be found as compact and ns concentrated a 24 
any discharge of a jar. If very small balls or pointa be used, then #2*© 
Jar may be discharged at a very great distance, especially when #28© 
balls are placed in an exhausted receiver, in which case the xig-zag IE™™) 
Walker speaks of is very apparent through two foct or more, Aget=™> 
in Singer's experiment of the shooting-star, a spark is produced of 6¥¥° 
or even five feet long, as closely resembling lightning as anything €2™ 
possibly be imagined, =: 

(206) ‘Tho distance through which sn electrical battery can clas 
charge with a little assistance is considerable, ‘Thus a slight trace Of 
sulphuric acid will enable a jar to discharge over twelve inches OF 

3 and a tmeo of emoko or othor light conducting particles in #222 


‘operate in the same way. 





























attraction, the weight in the scale pan requisite to balanoe thik 

the intensity botwoen the planes; whereas the ¢ension of the ebaxgo 
botween them refers to the polarized particles of the diclectric medium, — 
—that is, to the force, whatever it be, by which they endeavour to 
return to their primitive state. Now, the attraction betweon the 
planes may be eovecived to be the result of the induction sustained by 
the particles of the dielectric between them, the force of which may 
called intensity; and this may differ from the re-notive force in the 
polarized particles themselves,—that is, the force they oxert to return 
to their primitive state, It may be also that this last force is in 
Proportion to the quantity of disturbance in the particles, or in propor 
tion to the quantity of Electricity developed in the terminating 

‘or coatings; whilst the intensity, or forco of attraction between the 
coatings, supposing them free to move, might be as the seis 
‘quantity of Electricity. 

(232) Téa very juelly observed by Mc. Hazzie shes i wii Gat 
‘most as well perhaps if the term “tonsion™ were banished from common 
Electricity altogether, as being too hypothetical a word for our present 
knowledge of Electricity, inasmuch as it is essentially applicable to some 
species of elastic foreo, Now, wo do not know whother Electricity bo 
a foree of this kind or not. Tho term “intensity” is not open to this 
objection, because it simply expresses the energy or degree of power 
with which a particular force operates, be that force what it may, 

(288) Galeaniec arrangemente.—IE we take two equal-siaed plates of 

copper and zine, each furnished with a glass handle far 
insulation, and bring them into contact, holding them by the glass, it will 
bo found by appeal to the condenser (Vig. 0) after their romoval, 
there is a slight scoumulation Of positive Electricity on the zing, and | 
‘equal negative charge on the copper: the quantity is exceedingly small, 
and it, requires o good instrument to exbibit it when ouly one contact ia 
made; but if the operation be repeated six or eight times, taking care 
to restore the electric equilibrium of the metals by touching 
‘the finger after each contact, th et rer Scot on Sag 
‘the unineulated plate of the condenser, Af the same experiment be | 
made in vacuo, or in pebely dy hydnpe songs ge no Elecs 
tricity whatever can be discovered ; hence it has been inferred 
dovelopmont of the emall quantity of Electricity when the plates are 
Drought togothor in atmosphoric air, is due to tho alight chemical action 
of of the aif on the zine oceasianed by its compression by the — 
was not the explanation given by the illustrious discoverer — 
pile, who attributed it to a peculiar electeo-motive force, 
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Pile of Volta, whan the plates aro numerous ¢ im ret | 
‘of building it up, it is frequently rendered comparatively 
jndisture pressed out of the lower part by the welght of vi 
hence, the substitution of troughs and other 
most simple of these 1 ta © Ooecoiee ds tosses ne 8: 
Fie. 08. which consists in a row of 
small glasses oF ops, cote 
taining very diluted sul 
phurio acd. in ench of which 
is placed & small plate of 
coppor, about two inches 
square, and another similar 
sized plate of zine, not touch 
ing cach other, but 86 cot: 
=. structed that the zine of the 
first glasa may be in metallic 
communication with the copper of the second, the zine of the second 
with the copper of the third, and go on throughout the series. By this 
arrangement, when glisses are employed, we can seé what is going on 
in each cell: and if the zinc plates be amalgainated (234), it will be 
observed that when the wires are connected, and consequently, when a 
current is pasting, all the copper surfaces rapidly evolve hydrogen gas, 
while the solation of the zine proceeds quietly ; but, that when the 
comiection between the extreme plates is broken, the evolution of gts 
conees, Highton or twenty pairs of plates will decompose acidulated 
water rapidly, and thirty will give a distinct shook to the moistenéd 
hands, 





(256) Another arraogenient of the plates is shown in Fig. 09, where 
they aro represented as fixed in pairs into a trough of wood: thie 
Fig. 00. 





constitutes Gruiekshanl’s battery. It is very convenient who 
solution of sulphate of copper is used as the exciting agen= 
which, a8 Dr. Fyfe bas shown,* increases the electro-chemicst 
intensity of the electric current, as compared with that evolves 

te sulphuric acid in the proportion of soventy-two # 


* L.& E. Phil. Mag. vol. xis page 145. 
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samo behind, dave-tailed into solid ends. ‘The channels én the 

for the reception of the edges of the plates, are formed ! 

cross bara together, and sawing a little way into ono side of them: 
‘every eighth of an inch or go in their length, so as to form a s 

grooves. We have by means of this frame a much g 

security that no motallic contact will occur between: Z 

than when they are separated by wedges of cork, as in Dr. H 

struction, which may slip out. 

‘The frame and plates are introduced into a trough, which may 
wood or stoneware, containing the exciting liquor. Dr. Hare's re 
ing arrangement of the two connected troughs, may be adopted. 
Luttory, although the inventor has been led to give a pr 
pretico to a singlo trough to contain the frame. To the solid 
‘the frame are attached two cords, which are fixed to two p 
which they are wound up on turning a winch, as represented in Fi 

Fie. 112, 112, by which means the frame and 
tery can be raised ont of the lic 
the axis on which these 
can be moved a little backwards | 














‘exciting fluid, when that is desirable, But the form of tho 
contain the frame and plates may be varied according to the 
iow, or to the purposes to which the battery is to be appliod. 

(261) In comparing a battery of the form here deseribed, 
Dr. Hare's, or with any of the other forms in use, it is to be 
ered that the plates or clements of the battery are all of do 
size thoy appear to bo; or that in this conetraction we havo balf the 
mumber of pairs, but cach of double the dimensions of @ pair in a 
the old batteries having the same appearance. 

A small battory of this construction, containing twelve pairs of bo 
inches breadth of plates, (the size which we have taken above 
example,) may be contained in a trough eight inches in 
‘will evolve, whon its terminal wires are soldered to 0 
electrometer, (an instrament to be described in tho next Leet 
or seyen cubic inches of oxygen and hydrogen gasos mixed, in thre 
four minutes, with a charge of half an ounce of sulphuric acid 
an ounce of nitric acid,, in twenty-four ounces of water, fluid monsit™ 
and ig therefore amply sufficient to demonstrate the decomposition i! 
on a considerable scale, 
s proper to uso the thickest shoot zinc which can be had, 
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amounts to seventeen cubic inches. Eight inches of platinum wire, 24, 
of an inch in diameter, may be kept permanently red hot by the sam 
arrangement, and the spark between charcoal emacthink a 
brilliant. 

‘Mr. Daniell has even made it the source of the el one 
laboratory purposes. To this end he constructed an oxygen cell, by 
substituting @ plate of platinum for the rod of sino, enclosing it in th 
Mmoembranous tube, which is closed at the upper end by a glass taba 
‘bent ina proper form to deliver the disengaged gas, under a reoeivim 
In this arrangement the hydrogen is absorbed as before, by the oxide < 
copper, but the oxygen to the amount of eighty cubic inches per hom) 
is given off from the platinum. 

(267) Fig. 115 represents a single cell of the constant Fo. It 
battory, a cylindrical vessel of porous earth being substi- 3 
tuted for the bladder diaphragm, which proved very incon~ 
‘venient on account of its becoming rapidly corroded, and 
pierced by tho sharp edges of the crystals of metallic cop~ 
per, deposited on the copper plate. These porous jars 
‘were, it seems, first employed by Mr. Duncer,* of Liver« 
pool, and they are now composed of the thinnest 
unglazod biscuit ware, a most oxcellent material. ‘Tho 
battery, shown in Fig. 115, consists of a cylinder of copper, Pare 
‘a tubo of biscuit ware, which has a solid rod of zinc supported in 3 
centee ; the cylinder is furnished with a perforated shelf, upon whicls | 
supply of crystals of sulphate of copper is placed, so that the bates, 
Doing once charged, will maintain an equal action for many hours. 

Fig. 110 represents a set of six of Wlite 
the abovo batteries, and Fig. 117 a as 
set of ten large ones, the copper 
cylinders being vighteeen or twenty- 
‘one inches high, with zine rods, and 
porous earthen tubes in proportion. 
This forms a powerful voltaic ar- 
rangoment, evolving eight or ten 
oie inches of oxygen and hydro- 
gen gases in the voltameter per 
‘minuto, and heating to redness twelve or fourteen inches of fine inest 
wire, 

‘A series of thirty cells of the smaller size, cix inches high, and the 
anda half inches in diameter, forms a very efficient: battery for the lectus 
+ it heats from eighteen inches to two foot of iron-wire, 
‘most brilliantly, and burns metallic leaves vividly, ‘The cells 
* Golding Bird's Elements of Natural Philosophy. 
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of 110 cubic inches per minute. A eheet of un 

and twelve inches long, was heated in the open air 
extent, and the usual class of effects were produced in corn 
portion. With the other arrangement, consisting of fifty plate 


ments, each consisting of a equare inch of platinum foil and zing, 
with concentrated nitric, and diluted sulphuric acid, of | 
of which it took a pound, so that for the expense of about a shi 
ho could experiment for cight or nino hours without fresh 
with a battery which gave between charcoal points an arc of lighl 
0-4 of an inch long, Professor Jacobi states, that he lias readily 
fused Iridium, with a nitric acid battery, after it has been at work 
whole day.* 
(279) The following explanation of the superior power of this 
is given by Mz. Grove.t ‘In the common zine and copper b 
resulting powor ia as tho affinity of the aniony of the gonorating Hl 
trolyto for zine, minus its affinity for copper. In the common constant 
battery, it isas the same affinity plus that of oxygen for lydroget 
minus that of oxygen for copper: in the combination in question, 
game order of positive affinities minus that of oxygen for nzoto, 
nitrie acid parts with its oxygen more readily than sulphate of 
resistance is lessened, and the power corrclatively increased. Wit 
‘rogard to the second matorial question, that of cross procipitation® i 
* On Monday evening, Moy 224, the Author hud the pleasure of w 
solontific sainde nt the house of Mr. Gaasiot, on which oceasion an ar 
100 pairs of the platinum nitric acid battery was act in action, 
of this battery were brilliant fa the catreme: the flame between 
‘was exeeedinyly voluminous, and so briltiant as to be almost iasupp 
-ankedl eye; upwards of two fest of stout iron wire were heated to 
sees ‘and aulphuret of antimouy was decomposed, and 
f 1. & E. Phil. Mag, Vol, 10, p. 280. 
‘Tho torms anion, cation, Blootrolyte, &o., will bo explained 











“amie = ‘ 
large globules, At the period of this latter experiment the 

already been a long time in action, and was much weakened, 
‘tho battery was first excited, in order to produce a spark, the: 


necessary to employ a certain effort to separate them. 
(283) The author has much pleasure in adducing his testi 
favour of this form of voltaic battery,—where peepee 


quired for a short time it is a rost excellent arrangement, ‘The bat 
tory constructed by the writer consists of twenty-five paire, ench i 
plate being 6} inches long, by 54 inches wide, and when charg 
a mixture of 60 parts in volume of water, 1 of nitric and 1 of suk 
phurio acid, as recommended by Van Melsen, it heats to intenso 
noss from cight to ten inchos of stout platinum wire, evolves in a voltie 
meter, the plates of which are two inches long, and 1}inch wile 
forty cubic inches of mixed gases per minute, and bums metallic leave 
with great brilliancy. It is far botter, however, the zino plates being 
amalgamated, to use pure dilute sulphuric acid (J acid + 8 water) 
alone; by this means we avoid local action, and maintain the action of 
the battery for a much longer period, though the first eflects 
certainly not nearly so onergetic. A groat improvement would bo 
also, to employ ns the negative element copper-wite gauze, on which 
has been deposited from an acid solution, copper in a state of misiutia 
eub-division, as recommended by Mr. Walker, the —— 
‘Blootrical 

(284) The occasion of mentioning this gentleman’ ne tl 
taken as an opportunity of describing his simple and 
the constant battery. It consists in coating tho interior of 
Jar with copper relonsed from a solution, and is effected 
ing manner:*—“ Take a large jelly pot—one ‘0 omic queeal 
Ao yery well—placo in it a few picces of wax, Then stand it by the 
firo till the wax is entirely melted, and the vossel ti becoeineetay 

© Prooecdtings of the Electrical Soriety, page 20. 
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‘and the more distant from one another any two motals 
series, the greater the galvanio action they will develope. 
Platinum. Moreury, Tine 
Gold, Copper, Iron. 
Silver. Lend. Zine. 
Hence, as we have already seen, a galvanic series of platinum 
vine is more powerfal than one of copper and zine; and the | ga 
amore powerful than one of led and zinc, &c. It is not, 
Le understood, that the power of any two metals in the table 
upon tho number of intermediate ones, because a series of 
and ion is much fecblor than a series of copper and zine; 
the former case there are six intermediate metals, and in the atte, 
thero are only three. Charcoal and planbago stand higher in’ 
of cleotric bodies than platinum, so that a galvanic series of 
and aino is very powerful. Now, plumbago or graphite is a1 
tion of iron and carbon, and the hint has been thrown out by Ji 
hy adding more carbon to that which usually enters into the 
potition of cast-iron, wo should probably arrivo at a compound whist 
galvanie properties would be equal to thoso of platinum. ‘The object 
may be obtained by a species of cementation, or by remelting easl-irod 
with additional carbon in closod vesscls, + 
(286) This high negaties character of carbon, enables us to under 
stand how it is, that cast-iron and zine form go effective a voltaic cits, 
standing as iron and zine do, immediately next each other in the abo 
series, It was Mr. Sturgeon who first formed a largo battery of thos) 
motals; it is described in the 6th volame of his Annals of Eleotriliy. 
Tt consists of 10 cast-iron cylindrical vessels, and the same momber 
oylinders of amalgamated, rolled zinc, with dilute sulphuric acid. ‘lit 
cast-iron vessels aro 8 inches high, and 34 inches in diamotor, Tht 
zine eylinders aro the same height a8 the iron ones, about 2 inohes it 
diameter and open throughout, ‘The iron and zine cylinders are atindel 
in pairs to cach othr by means of a stout copper wire. ‘The zinc of out 
pair is placed in the iron of the next, and so on throughout the serie 
contact being prevented by disca of mill-board placed to si 
parts of the iron vessels. 
With ten pairs in series, Me. Sturgeon states, that he howell 
obtained fourteen cubic inches of the mixed gases per m 
and a half cubio inches, when the battery has been in action an bolt 
anda half, On ono occasion he states, that he obtained twenty-to 
‘cubic inches per minute, fused one inch of copper wire, one-twonlf* 
fifth of an inch in diameter; kept four inches white hot, and eighlect 




































inches red hot, in broad daylight, Eight inches of watch maineepringt 
* Sco his * Galvanoplastic Art,” tranclated by Mr, Sturgeon, p. 4 
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preference to that given by tho learned German, ' 
‘most powerful and strenuous supporters of the 
Galvanism.t It is simply,—that copper, when it 
hesslesiotioy doo wih reita widen 2 cai aead 
when expoeed to a liko action, When a coppor-zine pair i placid 
iluto sulphuric acid, an action takes place upon both the meta 
the balance of their affinities for the aid ea rn 
intensity of the electric current: but an obstacle to its free 
ariges by the resistance offered to its passage from the acid 
copper, because this metal has in a measure been acted 
noid, aud its surfawe partially oxidated: but as the af 
for tho acid, undor these circumstances, ig not sufficient to: 
solution of the oxide, it therefore remaing upon the eu 
copperplate ; and as oxides are worse conductors: 
their metallic bases, we have here a resistance presented by th 
surface to the ontrance of the oloctric current into the coppe 
On the other hand, when an iron-zine pair is immersed in | 
we have also an action on both metals; but the balance of 
here not so much in favour of tho zine, as when it is in 
‘with eoppor, and therefore the intensity ox elsclro-motiee ) 
mted by the iron-zine, is not so grent, as in that of th 
battery : but the quantity circulated by the iron-zine is gr 
‘tho surface of the iron not only oxidates, as did the copper, | 
sequence of its groater affinity for the acid, this oxide heco 
in tho liquid, and it is thas removed from the surface of i! 
which remains purely metallic, bright, and far moro fitted to 
Electricity than would be the oxidated surface of a copper 
‘therefore offers less resistance to its entrance, and a lar; 
thus cironlated, although (in consequenee of the 
less intensity or electromotive force by un iron-zine, than’ 
zine galvanic pair, 

(281) Ms, bert ad introdood » fron of bateny om 


we shall here describe. For general purposes it co 
single negative ion, and twenty single positive zine plates, 0 
square, arranged alternately in a frame of wood, and cor 
*L. & E. Phil. Mag. vol. xix,, p, 106. 
+ Bee next Lecture, Proc. Bleo, Sor p. 987. 
























18s VoLTAtC ELRCTRICITY. 


(294) The electrical character of an alloy of metals doee mot, it must 
be observed, always take a place between those metals of whic it oun 
tists, but moro frequently it stands cither much higher or much lover 
in the series. Such is the case with brass, which mostly acta in gal 
vanie arrangements, either quite as well, or even better than copper 
which is one of its constituents, (Jacobi.) Ou the other land, either 
amalgamated zinc, or 2 compound of zine and quicksilver, acts oven 
better than zino alone, although quicksilver itself stands high inth 
galvanic series. A compound is described hy Jacobi, which is sill 
better than quicksilver and zinc; it consists of 38 parts of quicksilya, 
‘22 parts of tin, and 12 parts of zine. Novertheless, he observol, 
auch alloys ns these, where too much quicksilver is introduced, the die 
advantage is, that they are extremely brittle, and have but little @ 
herenee, “< 
(205) The inaction of amalgamated aino in acidulated water, (236) 
is considered by Mr. Grova® as being the effect of polarization ; butot 
one which differs from ordinary casos of polarization, in that the om 
tione+ of tho clectrolyte, instoad of being provipitated on the negative 
‘metal, combine with it, and render it 20 completely positive, that the 
current is nullified, and not merely reduced in intensity as im olbet 
cases, § 
‘The experiments made by Mr. Grove, to verify this idea, are curlomt 
and striking. « 
1°, Talf the surface of a strip of copper was amalgamated and im- 
morsod with a strip of zinc in water, acidulatod with 4th of sulphurit 
‘or phosphoric acid ; on making the plates touch there was a rapid ov 
Jution of gas from the unamalgamated part of the copper, while only ® 
few detached bubbles appeared on the amalgamated portion, = 
2°. A large globule of meroury was placed in the bottom of a gl 
‘of acidulated water, and by means of a copper wire, the whole surfiste 
‘of which was amalgainated, it was made to communicate with one &% 
tremity of o galvancmeter, while a strip of amalgamated zinc, iramers® 
in the came liquid, communicated with the other extremity j at the fil 
slant of communication an energetic current was indicate’, white 
However, immediately diminished in intensity, and at the end of a fe" 
minutes the needle returned to zeros scarecly any gas was evolved, 210 
‘of the few bubbles which appeared, as much could be detected on #h? 
surface of the zine as of the mercury, 
3°. With the same arrangement o strip of platinum, well amalg? 
‘mated, was substituted for the meroury, In a fow minutes tho ourréitt 
became null or very feeble, and if, after the cessation of the enrrent, #2 
zine was changed for unamalgamated platinum, this latter 4 
* Le & E, Phil, Mog. vole xv. ps 8le + See mext Lecture, 
















zine, which forms az it were the bottom of a cell: one of 
ino plates, Z, is bigher than the other, as seen in the vertici 
‘tho convonience of forming the connection, which is effooted 
over tho copper plate, and attaching it to the tall zine on 


binding serew, as scen ato. Tho trough is chargod wit 
tion, and the porous cell containing the copper with thi 
bichromate, Each trough contains ten or twelve eolls. B 
zine which surrounds the copper, in three pieces, tho troubl 
is avoided, and it is much easier of manipulation. Ib wil 
this, that the expensive plan of employing actual partitions 
respective paira ig avoided, each arrangement of zine formi 
coll. Tt is searcely requisite to mention, that the zine is not 
to be accurately fitted in its groove, under the iden of maki 
t, the fallacy of this idea having been long since 
(299) Having now described all the forte of the galv 
which appear to have any claim to public notice, this lecty 
hhore brought to a close: and in the following one the effec 
action, and some of the results which have beon furnished } 
this powerful instrument of research, shall be described, 









1s VOLTAIC RLECTRICITY, 


it with ordinary Electricity. In a former Lecture it has been shawry 
that a picos of glass or sealing wax rubbed with flannel, . 
the cap of the gold-leaf electroscope, causes an immediate 

the leaves; but the largest enlorimotor that has ever been constmoled, 
is incapablo of producing an equal effcct : indeed, it is only by the ap 
plication of the condenser, that any indications of Eleotricity can be 
obtained from it; but with a battery of many pairs the effect is very | 
distinct, though water be the sole exciting agent, as we have 
seon (249). And it matters not what the sizs of the plates may bis 
pairs of copper and zinc, one quarter of an inch square, being quitess 
effectual as plates fonr inches square, numerous alternations being tho 
only sequisite. Here then we soo a remarkable difference between the 
simple and the compound voltaic circle, and botwoon quantity sal 
intensity. From the largest calorimotor that was ever constracted, We 
can obtain no direct shock, and uly feeble electro-chemical effvels 
while thirty or forty pairs of zino and coppor, four inches square, excel 
by the samo acid, will diverge gold leaves, give shooks, and decompie 
acidulated water very rapidly : in general terms it may be stated anteris 
paridus, that the quantity of the Hlectrie current bears a relation to the | 
size of the plates, and tho indensity to the number of the alternations, 
(302) Heat and light, The wonderful heating powers of an oxtii- 
sive voltaic battery, and the intense light emitted between chareal | 
points, were noticed in the last Lecture (278), Im the Proced- 
inga of the Electrical Socioty (4to, volume), a geries of experimetl® 
performed with a sulphate of copper battery, consisting of 160 cells, am 
Aotailod, The deflagration of mercury is described as most brilliants 
and tho length of the Alamo betwoon charcoal points, was three-fourilit 
of an inch. Zino turnings wore speedily deflagrated, and their oxide | 
‘was seen floating about the room, Tn these the fallowinig 
interesting result was first obtained :—When tho onds of the main win? 
‘were placed across each other (at about one or two inches from thei 
extremities, not touching, but with an intervening stratum of sit, the 
striking distance through which the Electricity passed, producing a bill 
Jiant light), that wire connected with tho positice end of 

Became red-hot from the point of crossing to its extremity. 

ponding portion of the other wire remained comparatively cold, ‘The 
wires were romoved from tho battery: that which had been made tit 
positive was mado tho negative, and that which hind been magatiee wa 
made positive. Tho results were still the same:—the W 
Becoming in all oases heated from its end to the point of crowing, and 
finally bonding beneath its wa weight, When a piece of : of | 
‘Darytos was placed on the table, with one wire resting on it; upd® 
the other to within tho striking distance, the portion casti- 
i) 
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of its conducting power being increasod. | 
well as charcoal, does not give so brilliant 


flat, instead of a hollow surface, This latter 
from the combustion of the thin exterior of the 
‘must bo formed in air aa well as in vacuo. 

It appears very probable, that the Inminous arch itself is only the 
‘result of the incandescence of the particles of carbon transferred fram 
‘ono hole to the other,—incandescence, which in the air is accompaniol 
by a partial combustion, and which takes placo without combustion it 
‘vacuo. ‘When the current is not very powerful, the eye can almost #6 
these particles move in the direction indicated. This 
take place, as we havo seen, when the charcoal has been previously 
strongly heated,—a circumstance which, probably its oohe- 
sion, facilitates the disjunction of the particles, De Ix Rive also found: 
that spongy platinum and copper, reduced by lrydrogen into wm tampa 
pablo powder, heaped up in glass tubes, produce the samo effeet a3 
charcoal; and that the same takes place when a piece of solid metal is 
placed at the negative end, though, if the solid metal be at the positive, 
and the spongy metal at the negative, only a very short sparks is ob- 
tained, Do la Rivo also repeated the beautiful experiment of the im- 
fluence of the magnet on the luminous arch, and observed that the light 
is not polar he also remarked, that it can be employed as solar 
Tight, to illuminate an object to be daguerréotyped, gl, 

(804) The colour of the light which attends the voltaic dis 
discharge, varies with the substances between which ie tr 
passes. If thin metallic leaves be employed, they are z 
considorablo brilliancy. ‘Tho beautiful offests are not, however, owing 
to the combustion of the metals, thongh in some eases increased by this 
cause, but arise from a dispersion of their particles analogous to that of 
the more momentary explosion of the Leyden battery. (Daniell) Gold 
Ieaf omita a white light, tinged with blue; silver, a beautiful 
green light ; copper, a bluish white light, with ted spares 

and zine, a brilliant white light, tinged with red, The experi= 
beat performed by fixing a plato of polishod tinned iron to 
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pub forward. in 6 fiemer anton cl there 


‘in right proportions with another strongly 
ry chemical relations, that is, i€ an anidn be 





to and giv them p sg the 


tee yeas cipoeed of sigan tio sence 
rs to ian glace menaenia 
of elementary itins can go to the 






# an when alono, aa boracie acid, is not 
“by the electric current when in combination it 


SE ea it in the liquid, the same conse~ 
ctend investigation to Qevecinn, 


a 


oth ee 


from a third substance C. otro-el 
of oxygen, whether soparating from hydrogen, or tin, or lead 
is tho electro-chemical equivalent of lend, whether sep 


(843) The theory of definite electro-chemical action 
the consideration of the absolute quantity of electric faree ix 
although, as he observes, we are utterly ignorant of 
ig, we cannot resist forming some idea of a small 
aenta ‘it to the mind, and there is an immensity of facts 
us in belicving that the atoms of matter are in some wa 
associated with cloctrieal powors, to which SO eee 


hot, must be sent through it for three minutes and thr 
this quantity of Electricity iseguad to a ery porcenful flasl 
‘yo tho electrical power which holds the elements of a 
‘eombination, or which makes a grain of oxygon and hy 


right proportions, unite into water when they are made to oi 


equals in all probability the current required for the: 
grain of water into its clomonts again; and this Faraday! 
‘be equal to 800,000 charges of a Leyden battery, of fif 
containing one hundred and eighty-four square inches 

‘on both sidog: indeed, a beautiful experiment is d 

in which the chemical action of dilute sulphnrie acid on 
one oquivalent of amalgamated zinc, in a simple io ¢ 
shown to be ablo to evolve such quantity of Electricity: 
‘current, as passing through water could decompose 
equivalent of that substance; thus rendering the 





‘word then, bad he not been urged by 
Buckland, who introduced him to 


(847) When tho author had tho plonsure: 
the summer of the year 1842, the following ex 
— 
1°, In an oval glass dish, of the capacity of about | 
placed on the bottom horizontally, a flat picoe of ela 
square, with a platinum wire round its middle, and 
negative pole of a sulphate of copper battery, of ant re 
‘Upon this waz placed a pioce of mountain limestone, 0 
weight, round the sniddle of which passed a platinmmn wire, 
it with the positive pole. This stone was prevented 
slate below by three small wedges of deal, placod i 
glass dish was filled with spring water, and a stream of ga 
from each wite, After two months’ action the negative p 
‘was cntiroly covered throughout its whole length, under 
erystalline carbonate of lime, and the positive wire 
great effect upon that part of the limestone with which 
tact, having eaten into it eo as to form a nook round: 
month the effects greatly increased, and carbonate of lit 
rapidly over the whole of the slate, as well as over 1 
the inner surface of the glass basin. It so happened 
clovated part of the limestone stood perpendicularly ab 
wire, from which a constant stream of h 

Dubbles, was playing against the little wall of li 
Exactly where this line of bubbles exists, about half 

is a line of most beautiful translucent erystals of « 


in length ; but as it was Mr. Orosse’s intention tof! 
ae ren oon: expen ee Wee tk 
Jess inorensed much in size and beauty. 

2°, Tn a glass jar of spring water were pl 














218 
potassa, as shown in Fig, 149; 


span mado of tho same mntorials as a 

partly filled with the sume acid to the level 2, 

with an carthen cover 3, placed upon it to keep 

out tho light, dust, &,: 

‘nected with the positive pole of the battery, with — 

the other end plunged into the acid in the pan, and 

twisted round « picco of common quarte,— 

The platinum wire passes under the cover of 

‘the pan : 5, a platinum wire connected with 

tho negative pole of tho same battory, with the 

‘other end dipping into tho bason an inch or 

two below the fluid, and, as well as the other, 

twisted round a piece of quartz After 

chia aatcn, Jr. Crom parsived twa arias SSE 

ig Hera apee dnetiompegpertansce es = 
‘the quartz in the glass basin at the negative Y 

pole. In Fig. 165 ioe nape 


silicate of potash under glass receivers. invorted over. am 
greatest possible caro boing taken to shut out 
in some cases previously filling the recsivers with oxygen gas, 
has been, that after an uninterrupted action of upwards of a 
have made their appearance, in overy respect 
which occurred in the Broomyfiold experiments, 28 the’ 
haying had many opportunities of examining each: 
‘microscope. In some recent experiments of Mr, } 
has made its appearance in solution of 
(852) In the Transactions of the ‘Electrical Society, 1 
find a full and most explicit account of the arrangements ¢ 
together with eee | 
guity; and it may here be added, that the writer has 
r tho silien employed in which has been 
= 1, from pure transparent rock crystal: 
silicated hydro-fluoric acid: and 3, from 


is just sufficient to resolve an eqn 0 
simple electrolyte unaffected by any: 
equivalent dna, produces the apparent p 
water into its cloments, and at the same time 


‘Appeared on tho tin electrode, and no smell of chlorine 
but hydrogen in equivalent proportion to the quantity 0 
was given olf at the cathode ; and the cell contained an 
portion of free soda, One equivalent of load 

moter tube, Muriate of ammonia treated in the sama: 
cisely similar results, proving it to be an 


Ite electrolytic on 
(Cl +H) + (N +3) is Cl + (N + 4B), confin 
manor the hypothesis of Berzelius, of the base (N + 
monium. 


(861) In discussing the results of all. these experi 
bear in mind the fundamental principle, “ that the force 
measured by its definite action at any one point of a cizo 
perform more than an equivalent proportion at any other 
same circuit,” “The sum of the forces which held tog 
ber of i#ns in a compound electrolyte, could, moreover, on 
‘equal to the force which held together the elements: 

at the sume moment in ane cinenite” 

(862) In the electrolysis of the solution of sulp 0 
of tho other salts, wator soomed to be vloctrolysod ; at | 
and alkali appeared in equivalent proportion with tho 
gen at the respective clectrodes, “ We must oo1 
from tho above-mentioned principle, * that the only 
yielded was the sulphate of soda, the idins of r 
the acid and alkali of the salt, but an anion, composed of 
of sulphur and four quivalents of oxygen and # 
sodium. From the former, salphurie acid was 
the secondary action and evolution of one equi 
from the latter, soda at the cathode, by the 





similarly 
odie by Ue nature of de metallic bane 
subjected to the same process in hopes of fin 
‘nowia alone was deposited. 

(865) Tho theory of ammonium, as ‘proposed | 
hypothesis of Davy developing the goneral analogy of a 
derived from oxyacids or hydracids, may by this ovid 
when taken in conjunction with the recent: r¢ 
tion of organic bodies, be considered as almost e 
strated, 


(G86) The bicalts yield resulte which at first 
‘with the preceding deductions : a strong solution, | 


gave i 
by certain measure of thesolution. An equal m 


in each arm of the double diaphragm coll, and the cus 
till 708 cubic inches of mixed gases were collected 
from the node and cathode were then separately 
Peers ded tod. in oon ke 
then found that the anode had gained eighteen grains, 
Jost ninoteen of free acid = of potanae, Sie ener 
‘the cathode gained an equal quantity, Thus, th 
‘ducted very well, not moro than one-fifth of an 
‘was transferred tothe eathoda, a compar witht 
while half an equivalent of acid was transf 
whole equivalent of oxygen was evolved. On 
Daniell remarks :-— 

“T think we cannot hesitate to admit that in { 
divided itself between two clectrolytes, that a part 
by the neutral culphate of potassa, and a larger 
noid and water. It isa well known fuct, that the 
divide itself between two or more metallic conda: 

to the resistance which each may offer to ita 
it does not in such cases choose alone the path 
Analogy would lead me to expeot a similar 
0 olectrolytes ; but J am not aware wi 
pointed out.” 























(870) Tn our historical account of the eulphate 
Daniell (262, et seq.,) it was stated, that on 
clectrical current passes freely through the metallic solu 
drogen makes ite appearance on the conducting plate, 


monts it was noticed by Mr. Daniell, that on removing 
reduced copper from a platinum electrode, scratches on 
copied with accuracy on the copper, and M. De la 

paper in the Phil. Mag.,* detailing some nae 


Gidiiped ett lis thy polich and) even'a countespiatet + 
the plato on which it is deposited,” On reading this 
present tine, when the art of xt 


Seabee iets i Spear a ee 

of the former distinguished philosopher was called * 

that of Mr, Spencer, “ Eleotrography.” And 

that the discovery was made by each, D 
priority must be given to Jacobi, who states in the 
“ i Ps 


nished his with perfectly novel views; and Mr, 
philot, informs us, that his 
(871) The description of an original experiment is. 
ing: it is always co whon connceted with a subject 0 
‘importance, I shall therofore insert Mr. Spencor'e ao 
snccesefial experiment in electrography :||—* I, 
p.484. 4 Translated trom the German od 
Rciontifle Micccllany, No. ive p. 93, 





oi 
experiments, depends much on the 
aro kept boiling, a medal may be mado 


weather, the action of the battery almost 
to carry on the operations before a good 








power is obtained. This form of apparatus may 
coll, or with a decomposition trough. It must not 
‘the antion will be equally quick with that reaalting 
on of acid; but it will be sure—perhaps more so than 
3 for it must be borne in mind, that in “electro- 

the failure in nine cases out of ten reeults from tho 

¢ battery being too strong, and not from its being too 





nof the current; but this element re-nots, 

YT with its oxygen, and setting free the 
sls0 disengaged at the anode; but it is not act free, 
meets with an element with which it cam eom- 


s of this compound, a series of most magnificent colours 
plate of highly polished stvel. ‘The process recom= 
to form those motallo-chromes, ia this -—Placo 
‘plato in a glass basin, containing a clear solution of 
over it & piece of card with some regular device cut 
157. A small cim of wood should be placod over 


rat A ciroular coppor dise, On contact being made from 
throe colls of a small constant battery, the stool 

c ith the copper or silver, and the copper dieo 
“deposit will be effected, and m series of oxquinite 
tho steel plate, These oolonrs are not films of 

ne have imagined, but lead, in a high stato of 

on the aurface of the steel, and the varied tints 

rying thickness of the precipitated film, the 
idhrongh Bos fom the pola’ mln wate 























odorous principle developed during the passage of a torrent of dest 
sparks of Electricity between two metallic plates: 

of glass. Every person who has been in the habit of « 

‘with a large electrical machine, must have remarked this peculiar odoay 
particularly during the escape of positive Electricity fremm point: the 
same is perceptible when lightaing has struck an object, aud whan s 
ischarge from a powerful battery is sent through several sheott d 
paper it is exccedingly strong. It was, however, M. Schoenbain who 
first noticed that it accompanies the clectrolyzation of water: be hat 
investigated the circumstances attending the phonomena, and ha 
obtained results which will, ho thinks, afford a clue to the disoorery dl 
their cause. ‘The odour which accompanies the eloctrolyzation af 
water, he observes, is only disengaged at the positive electrode. He 
flgo finds that tho odorifcrous principle can be proscrved im well eliel 
glass vessels for any longth of time, The only metals which he fount 
to yield this odour, were gold and platinum ; but dilute sulphuric, plot 
phoric, and nitric acids, and aqueous solutions of several of the silts 
also divongago it, Raising the temperature of the fluid to the boiling 
polnt prevents the odour from arising; and the addition of compara~ 
tively small quantities of powdered charcoal, iron, zinc, tin, lead, anti~ 
mony, bismuth, or arsonio, or a fow drops of moroury, to the odort® 
principle contained in a bottle, immediately destroys tho smoll ; and the 
same happens when platinum or gold, heated red hot, is introduced into 
the vessel containing that volatile substance, 

(379) A series of experiments relating to this subject woro made by 
‘Mr. Gann, and communicated to the Electrical Soviety.+ ‘The cle 
trodes employed were copper, iron, silver, platinum, zinc, charcoal, a 
plumbago ; tho first four afforded the odour abundantly, either whet 
the electrodes wore both of the same metal or of dissimilar metals, 16 
‘however, both the electrodes were of zinc, it was not perceptible; bat | 
when copper, iton, ailver, or platinum were positive in a jar of att0= 
spherie air, and zino negative, it was developed; not so, however, whe® 
such arrangement was reversed ; neither was it obtained from charco™! 
or plumbago ; but in lien of ib, a very disagrooable odour was omitted 
similar to that given off by charcoal points under water. When dita’ 
‘by Mr. Warrington, on this subject: Phil. Mag.vole xvi p, 52° 
of the Electrical Society p+ M0, aS | 
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Gigs euoataad fo fuveriw liver probe taio the nostily whlle ad 
time a picee of zine is Iaid upon the tongue, and then to bring 

- the two metale into contact. Another modo is to introduce some tin 
_ fil within the eyelid, so ag to cover part of tho globe of the eye, and 
‘plco-a silver spoon in the mouth, which must then be made to com= 
“murieato with the tin foil, by a wire of sufficient longth ; or, con 
Berea emer tepid ‘on the tongue, and the rounded ond of 
Paar pcre tase coer othe 7% lS ea 


Tight or in the dark. Tf the pupil of the eyw is watched 
n when this effect is produced, it will be seen to con- 
oment the metals are brought into contact; a flash 


d out of one, made to communicate with the 
found on making occasional contacts with the 
‘tht the limba of the animal will be agitated at 
hew of the original discoverer of gal- 

sd and of n cold-blooded animal into contact with 
nd tuscle of a frog, with the bloody flesh of 

















pairs, 
(880) These results of Dr. Philip have since been 
Clarke Abel, of Brighton (Journ, So, ix-): this gen 


application, “The respiration of tho animal,” he observes, 
quito free during the experiment, except when the di 
ares from the tn fi rendered a short suspension of ( 
nocessary during their re-adjustment, n 


tion went on as in Dr. Philip’s experiments, 
(390) ‘Tt had been suggested by an eminent French, 


moved ce ey But Dr. Philip rendered rabbits 
‘blow on the oecipnt, the spinal marrow and brain were tl 
‘and the respiration kept up by artificial means ; 

‘nd circulation wero carried on as usual. When spirit of w 
‘was applicd to the spinal marrow or brain, the rate of 
Mere ‘These experiments appear to confute the 


(391) Tho gonoral inferonces deduced by Dr, Philip 
roug experiments are, that Voltaic Electricity is capable o 
formation of the secreted fluids when applied to the 
‘way in which the neryous influence is applied to it; and 
ble of cccasioning an evolution of calorie from art 
the lungs are deprived of the nervous influence, by 
is impeded, aud even destroyed ; when digestion is | 
drawing this influence from the stomach, these two. 

_ renewed by exposing them to the influence of | 





‘a contortion of the body followed, as if the 
make its esenpe ; its eyos woro also deprosecd, 90 


instrument move like that of the animal, with regard 0 
the shock in and out of water, it was 


‘experienced at the elbows ; but under water it was 
the hands, On touching this artificial torpedo 


but in air, the shock was very strong. Cavendish 


Ly Hunter, with reference to aurfaco, His own 

soventy-six feet of conted surfitce, and he cal 

retained a charge fourteen times as great as thut of the 

equivalent to one thousand and sixty-four foot of coated ; 
(303) “In the Philosophical ‘'ransactions for 


“The norves,” he says, “inserted into each 
‘three large trunke from the latter and posterior | 
passage ontwards, tums: 


Sees oping unl fuckistien ttrth lalla yranches, } 
‘ergan near tho middle, The third trank,! after Jem 















“mporene vi. 45 
sn stroke conveyed along his rod and 
ix feet in length, and occasion a highly 
embling the effect of a blow on the head, 
common electric discharge ; a peculiarity of effect 
attr ‘cloetricity of small intensity. 
given by Hamboldt, and taken from the 

YO Fatty 00; arb worth loaning — 
ps entertain such a dread of the Gymnotus, and show #0 
nos to approach it when alive and active, that Humboldt 
s difficulty in procuring a few to serve as the subjects of 
For this express purpose ho stopped some days on his 
the Llanos to tho rivor Apuré, at the omall town of 
: ibourhood of which he was informed they were 
0 But though his landlord took the ‘ulmost pains to 
i wi weeny warn At last he doter- 
nimself to the spot, and was conducted to a piece of 
tngnant and muddy, but of the temperature of 79°, 
Ep itantaion ofthe grea: Tnsin’ Ny lose and 
yo planta, Horo ho soon witnessed a spectacle of the 
d oxtmordinary kind. About thirty horves and mules 
from the adjacent savannahs, where they ram 
the Indians drove into the marsh. Tho gymnoti, 
vir dumbere by the noise and tumult, mount near the 
vimming like #0 many livid water-serpents, briskly pursue 
rs, and gliding under their bellies, discharge through them 
lent and repeated shooks, ‘The horses, convulsed and 
3 ervot, and their eyes staring with pain and anguish, 
ig struggles to escape. Tu lees than five mainutes two of 
r the water and were drowned, Victory seemed to 
eels ; but their nctivity now bogan to relax ; fatiguod by 
of nervons energy, they shot their clectrie discharges with 
deflect. The surviving horses gradually recoverod 
¢, anil became more composed and vigorous, To a quarter 
noti finally retired from the contest, and in such a 
d complote exhaustion, that they were easily drawn 

‘small harpoons fixed on cords.” 

non of the Gymnotus (Fig, 158 being @ correct 
Fis. 158. 











ur voue time in the possession of the proprietors of 
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Hn VI wT 
parte of the Gymnotas through 


-decomporition of iodide of 
galt itaig three or four folds of paper in 


- 


2 Si Seaidoton ase wie rela Se Sa 
te it before appeared. By this test Dr. Faraday com= 
of the fish with other portions before and behind. 

} the conductor A, which being applied to tho 

ivo to the conductor B applied to the anterior parta, 

ontrary, positive to it when B was npplicd to places near 
‘So that within certain limits tho condition of the fish exter- 
of the shock appears to be euch that any given part ia 
“parts anterior to it, and positive to such ag are 


ition of Hoat—The experiments were not decisive on 
zht be expected; the instrament employed was a 
‘ is 


a: an REETCaSes ae 

ILLS" andor ovat Naess ay ast 
xed to a new steel file; another file was mado fast 
fofotaer'cllztae, ‘One person then rubbed the point of 
‘the face of tho othor, whilst another person put 
w fish, and endeavoured to excite it to notions 
f the files contact was made, and broken very fro- 
he object was to catch the moment of the current 
10 Wite 1 helix, and by broking contact during tho current 
ity sensible as 4 spark. The spark was obtained 
plate, eut fle-fashion on its surface, was 

or the lower file; and fur the upper filo wires 

swith all of which tho spark was obtained, 


“ch is ll at the moment with circulating electric 

ed by the fact, that a number of persons all dipping their 
u into the tub, the diameter of which was forty 
| a shock of greater or less intensity according as 

less favourably situated with regard to the direction 


) can stun and kill fish which are in very 

0 its own body, Dr. Faraday describes the beline 
cl on one vecasion when he saw it ewt, as follows:— 
6 five inches in longth, caught not half a minute 

ped into the tub. The Gymmotus instantly turned 
0 to form a coil inclosing the fish, the latter 

i x across it: a shock passed, and there in an 
b struck motionless, as if by lightning, in the midst 

: ‘to the light. The Gymnotus mae 

look for its prey, which having found, le bolted, and 
ig about for moro, - Living a8 this animal doos in 
good conductor as water, it seems at first surprising 
ly electrify anything ; but in fact it is the very con- 
of the water which favours and increases the shock by 
in of tho animal through which the Gymnotus dis- 
"This is illustrated by the fate of 2 Gymnotus 


of the liquid adheres to him, we shall not feel sur~ 


| appears to be sensible when he has shocked 
0 it, probably, by the mechanical m= 
by the spasms into which ho is thrown, 
him with bie hands, he gave him shook 








a indifferent, ar 
Spl bectig fond ey tbe bi they, by 
ae seen sraemellsy Salsas tema 


possible? Possessing, as we do, an elecrio power x 
‘the fish itself, is it irrational, or unphilosophical, to anti 
when we shall be able to reconvert the electric 
Secheck taught us how to commute heat in 
‘more recently, has shown us how to convert tl 
‘By CLrsted we were shown how to convert the 
netio force, and Faraday has the honour of bi 
‘member of the full relation, by re-neting back ag 
inte electric forces, 
(409) The following are the experiments | 
hoing rational in their performance and promising in 
1°, If a gymnotus or torpedo hax been futiguod 
of the electric organs, would the sending of enri 
those he emits, or of other degrees of force, 
mittingly, in the same direction as those he ec 
powers and strength more svelte 
oposc ? 
2°, Would sending currents Sahscant the © 
‘aust tho animal rupidly ? 
8°, When, in the torpedo, a current fs sent in 1 
4, ¢, from below upwards, through the organ on one 
it exeito the organ on the other side into action? orif 
contrary direction, will it produce the same, or any, 
4°. Will it do so if the nerves proceeding to’ 
tiod? and will it do.so after the animal has 
provious shocks, as to bo unable to throw the } ) 
or in a similar, degree of his own will? ~ § 
(410) Te is for the physiologist to pursue this ry: 
longs to connect these two branches of physical y 
acquaintance with practical anatomy being quit 
iezeaee Snap alge cf the laa of. Hisccaee ae 


| 
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is dependent also on tho quality of the fluid in. 
in relation to its conducting power. Wator will 





the friction takes place only between that 
along tho surface of which the globules 


‘more permanont effect is produced by the p 
ob Hike oil of turpentine, subject to rapid di 


“do not therofere aiford any clue to clusidate the 
id E. Phil, Mug. vols xsii.p. 1. 
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of vine: snd a we eco 9 
of water must be decomposed in cach before 

through it, and this theoretical deduction Faraday Was 
experiment, Each cell, then, gives a fresh impulse to the | 
generated in the first cell ; or, in other words, inerenses the 
tho current ; and though we may not know what 


to imagine that the degree of intensity at which « current of 

is evolved by a first voltaic clement, shall be increaced when 
rent is subjected to the action of » econd volte lament, Seg Hp 
conformity and possessing equal power with the first. { 
(434) It is argued by Poggendorf, who has pubis i Bi 
 Annalen,” Jan, 1840, a most profound papor on the theory of the 
voltale pila, that the clectrolytie law is no proof of the el 
of the Electricity of the voltaic apparatus, inasmuch as it 
property of al/ currents, voltaic, frictional, maguotic, thermal, and ani- 
mal, to decompose on their passage through a series of diffurent ail 
equivalent quantities of each. But the greater part of this elabonie 
memoir is directed against that oxperiment (424) on which so melt 
trees is laid by the supporters of the chemical theory, in which, as #@ 
have seen, two strips, one of zine and the other of platinam, are separated 
at their extremities, on the one side by sulphuric acid, and on the other 


sido by a solution of iodide of potassium. An electric 
Pe rk cst cain aces ta eapetie a 
acid circuit over that of the iodide of potassium. Now, in: Eee 
ment there is, firv(, the affinity of the oxygen for the zinc; and 
‘the affinity of iodine for the same metal; both endeavour | 
‘current, but that of ee 
tricity in movement than that of the iodine; the latter is therefixe 
overpowered, and a current thue originates in the 
affinity of the oxygen, which, at the same time, since 
do not touch, is considered as affording a proof of the 
metallic contact to excite voltaic Hlectricity, 

(435) On this experiment the following remark is made by Poggem 

dort: —* The experiment is so remarkable, and the 

hhas in appearance so much plausibility, that it is not to 
if the supporters of the chemical theory have regarded it, 
prop of their opinion, Upon the definders of the contact 
‘ever, it made but little impression, probably from their 
‘no regard need be had to an isolated fact, speaking 
of the chemical theory, considering the numerous. 
he urged against it, In general, they may have contented the 
swith this otherwise perfectly corrcet position, that ono metal 
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surfice of 


cently brightened if 
Baas opin te the ae Ifa bright 
total is always nogative ; but if the nm 






‘motal and its oxide, which causes the former to be 

a metal which has been brightened and allowed to remain 
in dry air, be fixed to the negative pole of a battery, ax 
tinum to the positive, and both immersed in dil 
‘oxygen appenrs at the positive pole some seconds | 

shows itself at the negative, which shows that the l 0 
employed in deoxidating the negative metal. ll 

(443) The experiment of Becquerel, of immersing 
manganese and platinum in pure water, is also ut 
sarrent is not perceptible for moro than half an I 
timo the Electricity due to chemical action (ci 
eoxidation of the peroxide, or the formation of a hydr i 
Iating—here the platinum is positive. oo 

* All chomical action disengages Electricity ; but the | 
engaged, is not, in every ease, nor under every form, 
vivacity of the chemical action. Two principal 
explain this anomaly :—viz,, the immediate reo 
or smaller proportion of the two Elestricitios, at tho 
they are separated by chemical action; and the partical 
action, which according to the bodies between which it: 
tise to electric cffects more or less intense.” 

(444) It is necessary here carefully to distinguish | 
perceived from the Hlectricity produced: the latter must 
‘proportional to the extent of the chemical action; that is, 
igivon timo it dopends upon tho number of ¢/ 
‘eombined, and consequently upon all the other cirom 
may ave exerted an influence upon the number of the 
(the extent of the surface exposed to chemical action, 
that action, &e.) The Electricity perceived, is a po 
tricity produced, a portion which depends on the relative en 
of the bodies entering into the system in which the E 
pogated, upon the disposition of the different parte of 
‘upon the nature of the apparntus to be emplo 
presence of the Electricity, &c., ciroumstances which all hi 
nce on tho degree of facility with which tho two 






follow some cortain course, or become again it 
from which by chemical action they: 


chemical actions, and that in a pair the metal 

always the positice one ; that is, the ono 

mences. However, the latter case occurs only 

metals of the pair are immersed in different li 

“ple may bo adduced: a plate of zine is immersed ni 

phuric acid, and a plate of copper in nitric acid: the 

immediately in contact, and the two metallic plates 

‘means of the wire of a galyanometer, Tn this pair the at 
auch loss attacked than the copper, 


tude of this explanation:—1. The same result is 
coding experiment, by substituting a plate of zino simil 
which is immersed in tho sulphuric acid, for the a 
moreod in the nitric acid. 2. If capsule of platinum be 
plate of a condenser, and filled in succession with nitrie ac 
contrated sulphuric acid, and a plate of copper or zine held b 
fingors, be immersed in the former liquid, and a plate of 
lattor, n much stronger positive Electricity is obtain 
case than in the first. 

(440) In applying thes prinspls to. th explanation 


not to increase the quantity of Hleotrivity ; for the ut . 
effected by a pile composed of a certain number 


thar pairs, as eindlar to the first.s6\ poudtbte. ‘ 





tervention of one of the wires of a d 
wire of which serves as conductor to the 
same pile, or to effect m communication | 
(449) If these two currents are ly 
Gliec\ione; a exch ‘af ihe ice of ielpsieanainanan ie 
needle will be always found absclutely null, ; 
‘matically equal, This equality is easily ex c 
feoblo:palr in the pile; lot B be the pair; the - 
engaged by 4, cannot neutralize all the negative of a 
‘then, in the copper of a, an exccsa of nogative El 
xetain, by noutralizing it, an equal quantity of positive 
Je, that a, though much stronger than 2, can only” 
‘quantity of positive Electricity, equal to that of &. 
this analyeis, that the current of each pair, and : 
of the whole pile should be equal to the 
seakust pair. Now experiment fully proves, 
troduced into a pile composed of energetic pain, tho imm 
a considerable diminution in the foree of the current 
‘consequently of the current of each of the other pairs. — 
tion is never sufficient to render this current equal 
be developed by the pair, introduced in an isolated 
whatever necessarily produces a greater qt 

whon it is in the circuit, than when it is isolated. — 
remarks, wo seo how necessary it is, in the 
voltaie Iatteries, to prepare plates as similar as po 
and quality of metal; for of how many pairs 
may consist, and how perfect and alike socver all tho ot 
‘be, the introduction of one smaller, or faulty pair, 
the power of the alee tales oa 
‘number of pairs of plates, of the size and o 

(450) The same indefatigable cleotticiaa! 
‘another eceay, embodying a series of experim 
the contact theory. ‘This memoir was afterwards n 
in a paper published in Poggendorf's Anualen,* 
‘of the Contact Theory.” I shall give one ar two | 
‘those memoirs, more, however, with a view of | 
the profundity of thought and skill thrown. by’ 


* Vol. alli, p, 481, 





‘the potassium ball with the platinum wire. 1 
ameter might have been omowhat about double thi 
‘of the potassium. Tho potassium disc, with the nj 
num wire proceeding from it, was placed in a emall ; 
‘with petroleum to about balf an inch high, the j 
‘projected from the petroleum, and which nowher: 
‘was discharged on to the electrometer, the glass beit 
‘The divergence to the side which indicates the ti 
‘ed in this case, quite as constantly, evidently, and 
potasoium had been insulated in tho air, Tt is tru r8 
‘that when the potassium is brought from the air into 
the chemical action of the adhering moisture is shown 
bles which rise from the liquid; but this development of, 
‘and, twonty-four hours after, it had entirely disappeared : 
signs in the petroloum were of guite the same force 
velopment of gas and even in the air, so that any 
the grounds of chemical aotion is valuclos, andthe « 
tirely in favour of the contact 
(453) Tid expednindte deserted (by 08 da Ean 
similar plates of zino aro furnished with a brass kr 
each, the inner surface of one plate and both 
faces of the other being covered with lac varnish, 
‘are made sometimes to stand in the place of the plates of a 
‘and sometimes using ono of them and another brass p 
‘that whon entirely protected from the action of the air 
Jayor of varnish, a plato of zinc does not become, n 
with a brass knob, and indeed that it conducts itself as a 
plate of brass ; for when the brass knob was touched wil 
reagan metagsiece o 
hand, it became charged with nogative Electric gh | 
hi contact theory all kindof notion ehoul have Boon 
the opposition of two pairs of plates perfectly similar. = 
(454) ‘Those experiments were repeated by Fechner 
results. He states, that in order to lay aside the ol 
perhaps might be raised respecting the chemical action | 
the copper kuob, he fixed a platinum wire to it, an 
‘the whole over so as to have the platinum alone 
Jess, when the platinum was touched with tho fingor or 3 
moistened in distilled water, the inc C 
charged with positive Electricity as if it 





Fy sassnes Kis olaborte defeco of tho ebumioal theory 
‘the following remarks on the improbable nature of 
pectes eat a segue that where tv diel a 

particles act on each othor, and induce op- 

De iain seal dbchangs iho, ocies CCT 
unchanged ; and that while thus p/i and minus, 

‘to particles of like matter with themselves, and s0 
Butif the acting particles are not changed, it should 
which causes thom to assume a cortain state in 
other, is unable to make thom retain that, state, thus 
lity between cause and effect, If a particle of plati- 

tact with a particlo of zino, willingly gives off its own Elva- 
b this, by its presonee, tends to make the pla- 

“m nogative state, why should the particle of platinum 
mm any other particle of platinum behind it, since 

nly tond to destroy the vory stato which the zine had just 
| This is quite contenry to common induction; for there 

d negative, not only will not take Blectricity from sur- 
ut SE ee ee ee 

gen wih por ei nt ih 


Sai osiirn. Sie, Shy soni See 
—ihe very substance which 
a emma ogy Or 
go from the platinum 40 the zine, which ix 
aiyitaen neighbouring platinum particles are ? 
licle in contact with the platinum particle, tends to 
does not Electricity flow to it from tho sine par 














Tiquid, and causo it to acquire @ gaseous form ¢ fori : 
that the gases evolved at the clectrodes are exactly oq 
fity absorbed in each pair of tubes. 


‘touched upon in the Essay, I have not thought it worth 
‘tleutorly. 








, at ono thousand threo hundred and twenty feet 

, and on a hill, at seven hundred and ten feet above 
out being able to detect any difference in the 

ho late Captain Foster we are indebted for many 
ns on the magnotic intensity, made at Spitebergon 


re. ‘From these he concluded that the diumal « 


change in 

nsity is principally, if not wholly, owing to » small 
ount of the diy, The maximum took place at about 
‘the minimum at 2h. 47’P. a. ; its groatest change 
1 of its moan value. Captain Foster is of opinion, 
shave the sun for their primary agent, and that his 
luco 2 constant inflection of tho pole towards the 

r hours; ar isabel hot Dar eer a 


Christic. 

t ‘year 1818, Profeseor Barlow, of Woolwich, trod 

the subject of magnetism, with a view principally of 
ct of ship's guns on the compass. In trying the 
Balls, ho was led to the curious facts—that there 
D a of iron, = great circlo inclined 40 the hhorlaony 


| 
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Wing diso; but that this action 
disappeared. He found it im- 

by tho action of tho revolving disc, 
consequence of ascribing this effect to the 
‘he employed discs of iron and steel, both soft 


‘soft iron acted with moro onergy than ono of copper, and 

<5 EA atelier aed 

did. Tron strongly hammered acted like soft iron, and 

to give polarity to n steel neodle ; but # dive of untemperod 

of an inch thick, did not produce any appre- 

al Fees Oia tcnpal' sell, bch, thar £ tow eget ote 
, maintained its ordinary position of equilibrium, Teace he 
‘that tho force which acted upon it was in tho inverse 

‘the coercive force. M. Haldat also fonnd, that dises in a stato 

ce exercised the same action as those at the ordinary 


2) Mr. Snow Harris has since shown that sevoral substances not 
to contain iron, lave the power of intercepting the influence 
@ magnet, contrary to the observations of Messrs. Babbage 
|. A cironlar magnotie dise being dolicately balaneod on a 
by means of a rim of lead, was put into a state 
v small agate cup, at tho rato of six hundred revolutions 
gh sng of Wana iron ste’ Gaaly Valansed on 
ct li ‘over it at about four inches dis 
of thin plate of glass, on’ which ts pivot sted. 
‘iron began to move slowly on its pivot by the 
gnet revolving below, a large mass of copper about 
d consisting of plates a foot square, was carefully 
eee teins se: ‘The interposition of 
‘sensibly diminished the motion of the iron disc, and at 
ther, On again withdrawing the copper, the 
restored ; und the same cilects were repeatedly 
experiment both tho magnet and the dise were 
‘and supported on a firm base. 
‘were produced by a mass of silver and zine : 
was considerably diminished by removing the 
‘of tho disc was not impeded, A very great 
necessary to stop the disc, in consequence, as Mr. 
ts inagnetio energy being so much less than that of 








sity isnot constant at all temperatures, but 

ili, From a tomperature of about 80°, the 
rapidly, as the temperature increases; #0 that, if up to 
the differences 


tomperaturo causing an increase in the magnetic 
This was observed between the temperatures of 60° 


that the action of iron upon the needle arises from tl 
‘voceives from the earth, 

(525) Methods of making Artificial Mag 
juxta-position with one or more magnets, 
imprognation of very small bara, and in the infancy 
‘was the only method employed. For this p 
notised was simply placod botwoan the opposite 
mngnotic bars of nearly equal power ; but as the 
induction came to be better understood, these simple: 
continued, and a great varicty of ingenious and h 
cowes invented, ‘Tho first of these wns that of Mr. 1 





(527) About the same time that Da 
subject, Mr. Michell, of Cambridge, and 
engaged in tho samo inquiry. Mr, Michell 
1759, to which he gave the name of method by : 
joined together, at the distance of sure aac 
strongly magnetived bars, 


A A’, Fig. 188, their op- agg, 


3 BF Br 27, in tho wae aivght ne, toda n 
the bundle of magnets, A A’, upon the middle of the 


found that the middle steel bars, 8 8’ BY, acquired 

of magnotic virtue, and greater than the ontor ‘bare, 
placing these last bars in tho middle of the 

operation, they acquired the same power as the rest. 2 


states that two magnots will, by his process of double t 
eate as strong a magnetic virtue to a stecl bar, as a si 
five times the strength, when used in the process of 
bars A A’ act with the sum of their powers in develo 
all parts of the line of the bars betwoen them, and. 


(528) In the year 1831 Mr, Canton published his proves 
‘a3 euperior to the preceding ones, nee h 

‘Duhamel's method, joined by pieces of soft iron. 
Michell’s method of double touch, and afterwards he sey 
Handles of magnots, A A's and having inclined thom 
in Duhamel’s method, he made them rub upon the bar’ 
to its extremities. The peculiarity of Canton's metho 
these two processes ; but Coulomb and others: 


(529) In order to make artificial magnets, witho 
natural loadstones or artificial magnets, Mr. Canton , 








employ the method of Duhamel, we do not require the 
copper, but have only to separate the bars whon the 
gate ile ot the bar, BB’, making each pole pase 











eects Gieicuia ‘to pass through the wire; and at the 
contact between the wires and the single voltaic circle in 


Magnetism —A magnet is 
ible particles or filaments of iron, each of which hag 
the properties of a separate maguet. It is assumed that 
Warotwo distinct fluids—the ausira/ and boread ; nnd undor the in~ 
of either in a five state, the bar of iron or other metal will point 


of the two attractive powers take place; and the 
sinay be the ultimate atoms of the iron. 
Senta eremrntnd (at ht Es 197), a8 
cof minute por ec 
right-hand ox 2 
of ac of which tats sts ats 
of mag 
| the Jeft~-hand extremities the other. The shaded ends 
pI to possess Gorea/, and the light ends auetra? mag- 
‘Thon the onds of tho bar itsolf, of which those sides of the 
1 form the faces, possess respectively boreal and 
, and are the boreal and austral poles of the 








This thoory, if not absclntely eoroc, is ver 
explanation of all the ordinary 


ay pe nd 
Se are Serlyen. spleen 


Pemetinakocuie prseinverts) 
Vox isa plate of glass for protecting the needle from 
air. In Vig, 198, AB is the compass-box suspended 





cular, “ that is, the pole itself, is procisely thnt point in 

chart in whieh, by supposing all the lines to meet, the 

would best preserve theix unity of character, both sepa 
-conjointly, as a system.” 

n is of opinion, that thoro aro four pointe of con- 

hemisphere ; and that these points are to be considered 

gnetic poles of the globe. He concludes that they have 

cund the globe; the two northern ones from woat to 

@ direetion ; and the two southern ones from east to 

ly. The following are the calculated periods of their 











rn motion is smaller than in the three preceding months. 
‘it follows thnt during the three months between the vernal 


i) ht yg he ratin of h e 
‘was first observed in 1724, by Mr. Graham, and has been con 

fimed with the most accurate instruments in almost every part of the 
‘When it was first discovered, the needle was supposed to hava 
changes in its movements during the day. About seven ast. 

ts north end began to deviate to the west; and about two rem. it 
ached ita maximum westerly deviation ; it then returned eastward to 
first position, and remained stationary till it again resumed its 
course in the following moring. Tt was afterwards found 

the diurnal motion commences much carlicr than seven A. M,, but 
‘motion is to the east. At half-past seven a.m. it reaches its greatest, 
deviation, and then begins its movement to the west till two 

M, Tt then returns to the eastward till evening, when it has again a 
ight westerly motion; and in the course of tho night, or early in the 
—a ee 


fees: Pazis, the noodlo is Hoasly stationary during the nights 
extremity moves westward, as if it wore avoiding 

solar influence. Towards noon, or more genorally from moon to 
ce o'clock, it attains its maximam westerly deviation, and then it 
rd till nine, ten, or clovon o'clock in the evening ; and 
reached its original position, it remains stationary during 

ho amount of this daily variation is, for Apri May, 

ust, and September, from 13’ to 15’; and for the other 


i, from 8! to 10'; on some days it rises to 25', and 





gravity, would describe | a 
ng noonpramgc fo 
the earth, 

(553) The sun is now 


Baie Giesiedant ot all te uncralle fiteset 

When the sun was to the castward of the needle, th 

eastward suffered n diminution of power; in conseq 

‘westerly force provailed, and the north ond | 

When tho sun, on the other hand, was to the west 

the power on that side diminished, and the needle returne 

castward. Canton did not, however, give any ex] 
easterly variation of the needle, 

(654) MM. ‘Murlot aod Hanstecn: have determined 4 
the magnetic equator (an irregular line crossing the 
pointe) with great care; they have traced it ovor the 
have found that its motion is from east to west, in so. 
mined by direct. observations on the position of its nodes, 
place tho magnetic equator wholly to the south of the terrestei 
between Africa and America; its greatest southern: 
25°. One node is in Afries, in ahout 22° of east lo 
according to Morlet, In setting out levers 


‘Magnetic equator advances rapi 

quits Africa a little to the south of Cape Guardafui, 
Sea it attains its most northerly latitude of about 12° 
longitude; between this meridian, and 174° east, them 
it constantly to the north of the équinoctial line, 
ee othe aol Cea ri 


Bengal, 
only 8° distant at the entry of the Gulf of Siam, 
ttle to the north, almost touches the north point of B 


Naigiou, it again reaches the north latitude of 9°, 
traverses the Archipelago of the Caroline Islands, and 
to tho equinoctial line, which it cuts, according to 





“Leorumu Vit. 

ias shown that the progressive variation in the dip of 
‘is the necessary consequence of a change in the magnotic 
arising from the motion of the nodes of the magnetic equator, 
alified by the form of this curve, And Morlet has applied tho same, 
iple to account for the variations of the dip in different parts of the 
ib From a gories of obsorvations made with a dipping needle by 
, Hansteen has found that the dip during the summer was 
m minutes greater than during the winter, and about four or 

greater in the forenoon than in the afternoon, 

58) It has become a niost important practical problem, connected 
physical condition of the globo, to determine the intensity of 
ism at different points on its surface, and the changes which 

‘at different eeasons of the year, and at different times of 


1 Gr first suggested a method of determining this, by the 
nbor of oscillations of the magnetic needle, And this plan has been 
ite much improved by Coulomb, Humboldt, and others, 


\ distributed, be made to vibrato, by turning it from its position, 
‘and allowing it to recover that position by a series of oscillations, it ig 
ident that the magnotism of the earth will act with equal force on 

half, and that the needle will be drawn into the magnetic meridian 

¥y the combined netion of both forces. ‘Tho greater the magnetic force, 

the more quickly will the needle oscillate, and recover its primitive 
o |. The needle is, in short, in the same circumstances as a pen~ 

‘oscillating by the action of gravity; and as in this case, the 

= of the number of oscillations made in the same 


‘Suppose the dipping needle be made to oscillate in the plane of the 
‘aguctio moridian, round the lino of the dip, and that when an experi- 
‘ont ig made at the equator, tho number of oscillations in a second ia 
24, while in nnother place it is 25; then the intensity of the magnetic 
Force at these places, is as 25% to 24°, or as 625 to STG, or as 1-085 to ! 
(000, By carrying the same needle to diferent parts of the carth, the 
uagnotic intensity at these places will be found from the number of ity 


| (668) In the application of this method there are various practical 

i jeg, particularly the necessity of the needle resting on knobs, 

Sdges of atoel, or agate, during its oscillations; thesa difficulties. aro i 

(ited by suspending it by a fibre of silk, and allowing it to oscillate | 
iy» ‘This mothod is thorofore the one adopted, Shougn ais 
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1806 and 1807, particularly at the periods of the 
solstices, he measured the angular alterations of the m 
at intervals of an hour, often of half an hour, 
during four, five, and six days, and as many ni 


suspended acoording to tho method of Coulomb, 
frome, and directed towards a very distant meridian 
sions of which, illuminated during the night, indi 
seven seconds of horary variation. Tn verifying the hal 
of a nocturnal period, he was struck with the f 




















beyond all the divisions of the scale, and-which o 
the same hours before sun-rise, and the violent and ac 
ments of which could not be attributed to any ace 
cause. These vagaries of the needle, the almost } 
which has been recently confirmed by M. Kupffer, 
Doldt the effect of a re-action of the interior of the 
surface, of magnetic storms, which indicate a rapid 
‘From that time, he says, he has been anxious to e 
east and west: of tho meridian of Berlin, apparatus si 
| in order to obtain corresponding observations, made. 
and at tho eamo hours, 

(563) In 1827, Baron Humboldt renewed tl 
‘Berlin, and endeavoured at the same time to 
simultaneous observations, the accidental em 













eumpasses, the caro of which ie confided to the director 
tory, Mr. Knorre. A magnetic apparatus has also been, 
‘the depth of thirty-five fathoms, in an adit in the mines 
Saeed where M. Reich, to whom we are indebted for 


‘in Asia, the declination is eastern, have heen transmitted by 
+ while on the north-western coasts of the new ean- 
<a, in the Russian settlements, Baron Von Wrangal, also 
with one of Gambey’s compasses, has taken part in the 
i made at the time of the solsticas and 
. Magnetic apparatizs have also been sent by Baron Hum= 
igh and Cuba; and M, Arago as erected a compass, at 
mce, in the interior of Moxico, where the soil is clevated six 
above the level of the sea, Preparations are likewise 
‘establishment of a mognetic station in Iceland. 

) suggestions of Baron Hunmbolilt received from the Royal 
‘the attention which they merited; and a committoo wax ap- 
‘carrying his recommendations into effect, Conformably 
ude by thie sees eee 

council, as boing the most eligible for exrrying on mng~ 








S close to the southern window of the 
{eile aederaspemaciaiat: 


it will be placed in the magnotic meridian, 

Htb'tho Uobodolife ; the distance botwoon these iautraments 

| feet. The needle is a rectangular bar, twelve inches” 

‘parallel silk fibres, and enclosed in a box to protect 

i iou of the air, The magnetic bar is furnished with an 

‘Tens at one end, and a cross of wires at the other, aftor the 
‘collimator. ‘This will be observed with the 

ool ea and the deviation of the Tine of 














333 
‘is induced. In such a 
Pearce oo etka eres onset 
centres of action are always coincident with the 
of the surface of the mass; whereas, the centres of 
magnets are placed a¢, or close to, their extremities, 
jism of the earth, recont and numerous observations havo 
, be explained by the action of two magnetic poles at a 
om each other. On the contrary, Biot has observed, that 
the poles wore taken to cach other, the greater was the 
botweeen the computed and observed results, This idea haa 
| by almost every philosopher who has investigated the 
“and the only difficulty is to assign a cause for the induced 
. The following are tho speculations of Hanstcen :— 
For  reagons it appears most natural to seek their origin in the 
source of all living activity: and our conjecture gains probae 
| the preceding remarks on the daily oscillations of the needles 
principle the sun may be conceived as possessing one or more 
tic axes, which, by distributing the force, occasion a magnetic 
ce in the earth, in the moon, and in all thote planets whose 
ire admits of such # differonce. Yet allowing all thia, 
ifficulty seems not to be overcome, but merely removed from 
s to-m greater distance ; for the question may still be asked with 
tice, whence did the wun acquire ite megnetic forco? And if 
@ have recourse to a central gun, and from that again to 
magnetic direction throughout the universe, having the milky 
‘equator, we but longthen an unrestricted chain, every link 
gs on the proceding link, no one of thom on a point of sap= 
Ul things considered, the following mode of considering the 
to me most plausible. If a single globo were left alone 
‘in the immensity of space, the opposite forces existing in 
epee ‘soon arrive at an equilibrium conformable 
a, if they were not so at first, and all activity would soon 
‘But if we imagine another globe to be introduced, 
on will arise between the two; and one of ite results 
cal tendency to unite, which is designated, and eomo- 
beexplained, by themerely descriptive word attraction, 
is tendency be the ouly consequence of that relation ? 
nee the fundamental forces, being driven from 
@ or rest, would exhibit their energy in all 
pine rise to all kinds of contrary action? The 
d not by friction alono, but also by contact, and 
in smaller degrees, by the mutual action of tee 
for contact is nothing but the smelled. youths: 


a 






n, Sir David Brewster ; nal Mr: Badoo kath neem 
its application. It oconrred to him that if he could 
rth sureo of an aia glbe a seros of galvanie out 

h a way that their tangential power should everywhere give 
direction to the neodle, the plobe would ealdbit, while 
u all the magnetic phenomena of the carth upon 
eerecmed abet: ‘Tho following is an account of the 


‘awooden globe, sixteon inches in diameter, which was 
purpose of reducing its weight, and while still in 
“were cnt to represent an equator and parallels of 

ry 44° each way from the equator to tho poles; these 
‘about one-cighth of an inch deep and broad ; and lastly, 
‘tame breadth, but of double the depth, wns ont like a 
pole to pole half round. These grooves were for the 
n the wire, which was effected thus:—the middle of 

i nearly ninety fect long, and one-tenth of an inch in 
| to the equatorial groove, so a8 to moet in the 
‘meridian; it was then made to pass round this parallel, 
ng tho meridian to the next parallel, and then passed 

0 on, till the wire was thus led in continuation 


agth of wire still remaining at cach pole was bound with 

. ily to prevent cata, ‘and then retumod from each pole 
tothe equator. At this point, each wire 

“with small staples, the wires for the remaining 

together to near their common extromity, where 

‘two points for connecting the poles of a powerful 


gnnnéiion was inde: the -wire became, of course, BE 
nd the wholo surface of the globe was put into a 


ite equator and either pole. 
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LacrURE x. an 


| mature, and which, unlike that produced by the electric carrest, dees 
[Mot cease till the exciting caso is removed. An electrical current 
which traverses a nerve for a certain time, finishes by permanently 
| dernpging its molecules, hence the reason why the prolonged action of 
| the same carrent ceases after a time to produce its peculiar action on a 
‘nerve. A carrent in tho contrary ditection will bring back the molecules 
‘of the nerve into their former condition, and restore to them their capa~ 
| Bility of being excited by a current in the same dircetion as tho first, 
("The passage of an clectrical current through a nerve in a different direc 


bh Therapeutic Applications of Electricity. 

| (853) The application of electricity in the state of tension and in that 
| of the pile has hitherto been made cither with blind confidence, or with a 
equally inconsiderate. From the first researches it might 
[have been seen that electricity must not be expected to produce 
| instantancous or general cures, and that the empirical use of it should 
‘Be rejected. Electro-physiology ehould first be studied, and a thorough 
‘moquaintance with its principles obtained. 

| (858) Let us see what grounds we have for applying the electric 
‘current te the cure of paralysis, 

| We have seen that the passage of an cleetric current continued for a 
“certain time along a nervo destroys its sensibility ; its contractions cease. 
| the experiment on a living animal, we find that the limb, 
} of which has been for a certain time subjected to a current of 
“neortain intensity, is rendered incapable of motion ; it is thon paralyzed, 
“having Jost the power of obeying the force of the voluntary nérvous 
|eystem. On allowing the animal to rest, it ix found after a certain 
| time; according to the intensity of the current, that the nerve has be- 
[come again excitable by the electric current, and again capable of 
ee onemtesy marvin syste 

on then, a current be passed along # nerve of sn animal 
/umntil it has lost its sensibility; on passing along tho samo nerve @ 
con current, we know that the nerve again becomes excitable by 
‘the direct current. This is the phenomenon of voltaic alternations. 
at the same time that the nerve which by the passage of the cun- 
“trary current has regaincd its sensibility, it bocomes again capable of 
‘obeying the nervons force, The limb paralyzed by the passnge of a 
I | current, ceases to be so by the passuge of a contrary current. In 
‘this manner, by the aid of an electric current dirocted as above, wo may 
i m2 
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LECTURE X. 485 


‘treated between thirty and forty cases, states that he never found any 
| good to follow the transmission of shocks; but by taking sparks from 
‘the epine, the results were on the whole very satisfactory. 

(865) Tho troatment of amaurorir and deafness by Electricity, 
‘requires to be conducted with great care, and should never be attempted 

‘by those unacquainted with the minute anatomy of the delicate organs 
| ie dn Mr. Pott, who treated successfully a case 

in the London Medical Journal, vol. ix, proccoded thus :—The 

patient was placed on the insulating chair, and connected with the 
prime conductor, which was put in connection with o very large jar 
exhibiting foter fect of coated surface, When the jar was fully charged, 
| the operator drow off the charge through the orbit of the eye by a 
twooden point, until an attached Henley's electrometer stood at 3°, the 
| remainder of the charge was then drawn off through the temples; sight 

‘wag restored after dhirteen applications. In cases of deafness, Sir 

William Blizrard’s plan was the following :—A Loyden jar, connectod 
| with the prime conductor, was placed within the proper distance of a 

discharging electrometer, so that when the jar was suficiently charged, 
| os hada the eloctrometer and pass along a chain termi- 

in a wire placed in the meatur auditorius ertornus; another 
| chain, placed at the bottom of the jar and joined to a silver wire, was 
paseod through the nose into the Eustachian tube; a process which, if 
‘carefully done, does not oceasion pain, The shocks passed must be 
vory weak at first, but may be gradually increased; and it must pare 
ticularly be borne in mind, that should pain in tho head or uneasiness 
be produced, tho treatment must not be persevered in. 

(866) For the medical application of Voltaic Electricity, the simplost, 
and on the whole the most convenient, form of battery is the old Orwick= 
shank trough (Fig. 99); the exciting agent boing diluto sulphuric acid. 
‘Tho mode of application may differ in different cases; when it is to bo 
applied on the surface, the current may be transmitted through the 
medium of sponges ; or, what is perbaps more convenient, by means of 
snddlce of thin sheet copper covered with thick flannel, and saturated 
with brine, the surface of the skin being also well moistened with salt 
and water; it is sometimes, however, desirable to act on parts deeply 
‘seated below the surface; in such cases, the following method of M. 
Sarlandiére may be adopted :—Needles of steel or platinum azo intro- 
duced, 28 in the process of acupuncturation, the necdles being connected 
respectively with the two opposite ends or poles of the battery. 
Beoquerel considers this to be the most efficacious modo of applying 
Electricity, sinco it pormite the operator to act directly on the’ diseasod 





part. 
(807) 16 was first noticed by Marionini (820) that the force of the 
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ee , 


which was covered with linen and moistened. The curreat, 
Tanning through the nerves with great rapidity, is communicated to tho 
i and generally occasions the sensation either of a loud 
ee ag ona. A feeble power must bo employed in 
‘these caees, and bo continued for only a few minutes at a time; asa 
pale, the operator should in all cascs commence with a weak 
r, gradually increasing its strength as the case progresses: in cases 

‘of paralysis, the battery power required frequently rises to 100 pairs. 
| (870) The observation was made long since by Humboldt (73+), that 
‘a very weak galvanic power was capable of exercising a remarkable in- 
Aluence on the secretions from wounds; he found that when a simple 
“aro was applied to a blistered surface, the part exposed to the most 
“oxidablo motal was more irritated than that to which the nogative plate 
was applied, Dr, Golding Bird has mode an ingenious application of 
‘this singolar fact to the production of puriginous sores, in the place of 
‘the iss and econ, His plan is the following: —By means of small 
| blistors he raises tho skin by offusod serum, and having snipped it, he 
‘applies to the blister from which a permanent discharge is required a 
| pleco of zinc foil, and to the other a pivoe of silver, the two metals being 
‘connected by a wire, and covered with a common water dressing and 
‘oiled silk, On raising the zino-plate after a few hours, the surfaco of 
| the skin undemeath will have assamed a white appearance, as if it hnd 
| Been rubbed with nitrato of silver: in forty-eight hours a decided exchar 
‘will appear, which, etill keoping on the plates, will, at the end of a 
few days, begin to separate at the edges. The plates may then be re- 
moved ; the surface where the silver was applied will be found to be 
completely healed. A common poultice may then be applied to the 
| part, and 9 healthy granulating sore, with woll-defined edges, frocly 
discharging pus, will be left. During the whole process, if the patient 
| complain of pain at all, it will always be teferred to the silver plato, 
where, in fact, the blister is rapidly healing; and not the slighteat com- 
| plaint will be made of the zine-plate, where the slough is as rapidly 


| (871) Dr. Bird is of opinion, that in this method of forming » sore 
| tho secharotio action ia that of the chloride of zine, which is produecd 
by the chlorine set free by the galvanic action from the <Aloride of 
_zodium constituting the saline ingredient of the fluid effused on the 
‘surfaces of the blisters ; and, in illustration of the truth of his theory, 
he instances the following experiment mado by Dr. Babington, Tho 
doctor took two slices of muscular flesh, and placed one between two 
plates of gliss, and the other between plates of copper and zine, binding 
them together with wire. In the course of a fow days, the weather 
being warm, the flesh between the glasses began to putrefy, and soon 





LECTURE X, 489 
‘readers all the information they will require respecting the applica. 
| of this interesting form of Electricity to therapentio purposes. 
873) In addition to the various forms of the coil already described 
here insert engravings and descriptions of two new modifications of 
‘instrument, one (Fig. 272) designed by the publisher, and the other 
273) by the author of this troatize ; both will be found to possess a 
ded superiority over the previons machines, and each to have its 
distinctive feature. 


Fro. 273. 





(74) Fig. 272 shows Messrs. Knight's arrangement, which they 
describe. Round a hollow cylinder of wood, a considerable length 














LECTURE X. 493 


Practical application in this country, than it hitherto has had. Our 
hospitals furnish ample opportunities for studying the effect of Eloo- 
taicity in almost every form of disease. “Hitherto,” observes Dr. 
Golding Bird,* “it has boon by no means fairly tried; for it has 
tither boon exclusively referred to when all other remedies have failed, 
or its administration has been carelessly directed, and the mandate, 
‘Let the patient be Electrified’ merely given, without referring to the 
manner, form, or mode of the remedy.” 


* Ina Lecture lately delivered before the College of Physicians. 


London : 
Printed by Srewanrt and Moxnay, 
Old Bailey. 
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Battery, galvanie, Shillibeer’s, 164 

———— Bmmee's, 165 

Sturgeon's, 176 

‘Van Melsen's 

‘Young’s, 155 

Wollaston’ 

—— water, Crosse's, 144 

Gassiot’s, 149 

mica, 147 

Noad’s, 148 

Beccaria’s account of the appearance of 
‘the heavens during a thunderstorm, 
100 























observations on the decompoel- 
tion of water by electricity, 5 
Bells, electrical, 34 
Betancourt’s electrical experiments, 974 
Bovie's (Dr.) electrical experiments, 4 
Bichromate of potash as exelting agent 
for gulvanic batteries, 185 
Bird’s (Golding) galvanie coil and con- 
tact breaker, 414 
—— electrolasmus, 18 
—— method of applying galvanism 
as an escharotic, 487 
observations on the medical uso 
of electricity, 493 
Bismuth, its use as a thermo-electrie 
metal, 422 
Bohnanberger’s electroscope, 99 
Botto’s thermo-electric pile, 426 
Brass, magnetism of, 301 
Browster’s observations on the cause of 
terrestrial magnetism, $34 
treatise on magnetism, 285 
Brush, electrical, nature of, 41 
variations of, 43 
—— specifiecharactors of, in different 
» 44 
positive and negative, 45 
spark and glow, transition of 
from one to the other, 46 
Burr produced by electrical explosion, 
59 
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Callan’s electro-magnetic coil machine, 
4l4 
Candle lighted by electricity, 59 
extinguished by do., 60 
Canton’s method of making magnets, 
308 











fusing metal by electricity, 5 

Cassini’s observations on the variation 
of the needle, 320 

Cat’s fur, electrical properties of, 10 

Cathode, explanation of term, 197 

Cations, explanation of term, 198 

Carbon, high negative character of, 176 

Cavallo's magnetic experiments, 207 

observations ou the magnetism 

of brass, 301 

Cavendish’s imitation of the torpedo, 
242 
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Cavendish’s mathematical investigatin 
of the hypothesis of Franklin, 4 

Charge, permanent, given to elec 
scope, 15 

Charcoal points, voltaic light between, 
189 

Chemical effects of common electriciy, 


1% 
transfer of from one electrode to 
the other, 162 
Chemical phenomena produced by vol. 
tale electricity, 196 
——— agencies of electricity, 208 
—— decomposition requisite to gese- 
rate electricity, 260 
decomposition by magnetic dee- 
tricity, 400 
Chemico-mechanical battery, 165. 
Christie's experiments on the inffuenee 
of heat on magnets, 305 
Circles—simple, galvanic, 140 
Clarke's magneto-clectrical machine, 
397 


Clock, electro-magnetic, Bain’s, 382 
‘Wheatatone’s, 386 
Coil, rotation of, 858 
— floating, De Ia Rive’s, 851 
——— experiments with, 352 
Cold, production of, by the voltaic cu 
rent, 191 
Colladon’s method of investigating the 
electric state of the atmosphere, 100 
‘Compass, invention of, 281 
mariner's, 316 
Condensing electroscope, 48 
Condenser, Peclet’s, 22 
Conducting body, ‘rotation of roud 
‘magnet, 347 
Conduction, 47, 39 
Conductor, heliacal, 854 
Conductors and non-conductors, 8 
Conductors, lightning, 107 
Constant battery, Daniell’s, 157 
porous diaphragms for, 160 
powerful series of, 161 
Contact breaker, Golding Bird’s, 415 
Contact theory of galvanism, 262 
Cooke and Wheatstone’s yh, 915 
observations on asphaltum, 979 
Copper leaf, colour of light emitted by, 
190 





























conducting power of, for volts 
electricity, 198 
Coulomb's original ideas on electro- 
statics, 6 
electrometer, 11 
——— universality of magnetism, 902 
method of making magnets, $10 
Tesearches in magnetism, 285 
Couronnes des Tasses, 150 
‘Crosse’s atmospheric apparatus, 91 
researches in atmospheric elec- 
tricity, 90 
Practical demonstration of the 
nature of a thunder-cloud, 92 
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Bicctroal battery, experiments with, 57 
Al 

condenser, Peclet’s, 21 
Blectricity, a fascinating study, 1 

exclted by every form of me- 
chanical change, 11 

distribution of, 12 

indaced, 20 
‘employed medically, 72 
—— frictional polarization of, 81 
atmospheric, 84 
—— velocity of, 103. 

animal, 241 
—— of effluent steam, 251 
—— produced Independent of con- 

tact, 257 

voltaic, 192 
—— magnetic, 287 
—— thermo-,'421 
statical, history of, 2 
voltaic, in ‘elation to the 
phenomina of life, 239 
therapeutic applications of, 481, 






































ot seg. 
Electrics, list of, 10 

Electro-dynamic induction, 387 
Electrode, explanation of the term, 197 








—— punitive, remarkable heating 
power of, 188 
Blectrolasmus, Golding Bird's, 18 
Electrolytes, 197 
summary of certain points re- 
lating to, 200 
ean conduct without decom- 
posilion, 261 


Electro-magnetic engines, 359 
Davenport's, 360 

Taylor's, 960 

—— Davidson's, 362 

—— Jncobi’s, 362 

—— remarks on, 363 

list of references to, 364 

Bain’s, 305 

—— Talbot's, 368 

—— Wheatstone’s, 336 

—— Henley’s, 367 

Electro-magnetic telegraphs 
Alexander's, 375, 

Morse’s, 375 

—— Wheatstone’s and Cooke's, 375 

—— Bain’s, 380 

on Great Western Railway, 378 

Electro-magnets, 357 

—— Roberts's, 357 

Radford’s, 357 

Toule’s, 958 

Ritchie's observations on, 358 

Electro-magnetic coil machines, 414 

Callan’s, 414 

—— Golding Bird’s, 415 

—— elegant arrangement of, 417 
not requiring mercury, 418 

—— Lockey's, 418 

—— Henley’s, 420 

for medical purposes, 488, 489 
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Blectro-magnetism, 330 
— application ‘of to practical pur. 
poses, 


Electro-metallurgy, 225 





—— Cuthbertson’s balance, 54 
Hleetrophorus, 16 
Blectroph; A 
sere ivant favestigntione and 
coveries in, se: me 
— Volta’s experiments in, 
Humboldt’s experimentsin, 6 
—— researches of Aldini, Fowler, and 
Lehot in, 437 
Blectroscopes, Saussure’s, 98 
—— Bohnenberger's, 99 
13 
Blectroscope gold leaf, 16 
—— condensing, 48 
Voltas, 98 
Singer's, 99 
Mattoucel’s, 441 
Pouillet’s expe- 




















—— Pine's experiments in, 74 

—— Weekes’, do., 74 

Noad’s do., 75 

Epinus’ mathematical investigation of 
Franklin's theory, 5 

—— theory of magnetism, 284 

Equivalents electro-cheminal, 208 

Evaporation a source of atmospheric 
electricity, 100 
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Falling star experiment, 62 
Faraday's experiments on induction, 19 
‘observations on electric dis- 
charge, 39 

‘on disruptive discharge, 40 
—— theory of induction, 47 
inductometer, 66 
experiments with, 67 
—— dlectro-chemical experiments,77 
views of electro-chemical de 
‘composition in, 196 
new terms, 197 
experimental researches, 108 
experiments with the gymnotus, 





























experiments on the electricity of 

steam, 253 

researches into the source of 
electricity in the voltaic pile, 257 

—— arguments in favour of the 
chemical theory of galvanism, 274 

observations on the magnetism 

of the metals, 201 

researches in magueto-electri- 

city, 388 

‘observations on static inductive 

‘ection, 481 
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Hansteen’s observations on the variation 
of the needle, 318 

on the magnetic poles, 319 

researches in magnetism, 290, 

996 


—— on the cause of terrestrial mag- 
netism, 333 

Hare’s galvanic battery, 159 

‘apparatus for deflagrating me- 

talllc wires, 65 

Hoerrls', Snow, unit Jar, 52 

py Tam of lightning conductors, 
1 











—— reply to Mr. Sturgeon, 112 
—— gold-leaf experiments, 116 
experiments before ‘the navy 
board, 116 
reply to Mr, Walker, 121 
definition of tension ‘and inten- 
sity, 135 
—— magnetic experiments, 305 
Heat, voltaic, 188 
Helix, electro-magnetic, 953 
Henley’s quadrant electrometer, 62 
—— universal discharger, 55 
Henley’s, W. T. electro-magnetic en- 
gine, 353 
—— electro-magnetic coll machine, 
420 
Henry's experiments on the induction 
of galvanic currents, 408 
Humboldt’s details respecting the gym- 
notus, 244 
‘magnetic observations, 328 
iggestions relative to magnetic 
stations, 320 
researches in terrestrial mag- 
netism, 286 
electrophysiological researches, 
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Hunter's anatomical examination of the 
torpedo, 242 

—— of ‘the gymnotus, 244 

‘Hydrostatic galvanometer, 372 
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Induced electricity, 20 

Induetion, illustrations of, 13 

essentially a physical action, 18 

experiments on, 19 

Faraday’s views relating to, 47 

of galvanic enrrents, 408 

Inductive action, mechanism of, 23 

Inductometer, Faraday's, 66 

Tasulation, 39, 47 

Intensity, eletrical meaning of, 185 

Tons, explanation of term, 198 

Iremonger’s hydrostatic galvanometer, 
371 

Jridium, fusion of, by the voltaic bat- 
tery, 168, 170 

Iron, electrical properties of, 179 

passive state of, 179 
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Iron, conversion of into a magnet, 282 
simple method of magnetizing, 


chain burnt by electricity, 64 
conducting power of for rolisc 
electricity, 193, 

wire for secondary coll, 421 
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Jacobi’s observations on galvanoplastic, 
226 


—— electro-magnetic engine, 362 

‘Jars, method of coating narrow, 49 
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